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Human	 appropriation	 of	 land	 for	 food	 production	 has	 fundamentally	 altered	 the	 Earth	 system,	with	3	
impacts	on	water,	soil,	air	quality,	and	the	climate	system.		Changes	in	population,	dietary	preferences,	4	
technology	and	crop	productivity	have	all	played	 important	 roles	 in	 shaping	 today’s	 land	use.	 	 In	 this	5	
paper,	we	explore	how	past	and	present	developments	in	diets	impact	on	global	agricultural	land	use.		6	
We	introduce	an	index	for	the	Human	Appropriation	of	Land	for	Food	(HALF),	and	use	it	to	isolate	the	7	
effects	of	diets	on	agricultural	 land	areas,	 including	 the	potential	consequences	of	 shifts	 in	consumer	8	





USA	and	 India	 (which	 lie	 towards	but	not	at	global	 consumption	extremes)	provides	a	 framework	 for	14	
understanding	 land	use	 impacts	arising	 from	different	 food	consumption	habits.	Hypothetically,	 if	 the	15	









































































































food	 consumption	 by	 calorific	 value,	were	 each	 allocated	 between	 three	 categories	 of	 use:	 food	 for	42	
human	 consumption,	 animal	 feed,	 and	 non-food	 related	 uses	 (primarily	 biofuels	 and	 fibre).	 	 The	43	
commodities	comprise	50	primary	crops	that	are	directly	grown,	32	processed	commodities	derived	from	44	









total	 cropland	 area	 and	 the	 harvested	 areas	 (e.g.	 in	 2011,	 respectively,	 1556	 Mha	 and	 1378	 Mha	3	
















and	 $321/t	 respectively	 (Index	 Mundi,	 2016),	 suggesting	 that	 an	 equal	 division	 of	 input	 area	 is	 a	20	






Animal	nutrition	derives	 from	grassland	and	 feed	crops	 including	 forage	crops.	 	Data	are	available	 to	27	
quantify	the	area	of	pasture	and	quantities	of	crops	used	as	feed	(FAOSTAT,	2015a,	2015d).		However,	28	
there	 are	 no	 empirical	 data	 to	 describe	 directly	 how	 these	 sources	 of	 nutrition	 are	 divided	 between	29	
livestock	 species,	 and	 hence	 between	 commodity	 types	 such	 as	meat,	milk	 and	 eggs.	 	 Instead,	 feed	30	
conversion	ratios	(FCRs),	describing	the	efficiency	of	converting	inputs	into	edible	animal	products,	were	31	
used	to	estimate	animal	feed	requirements	(Table	1).	 	Commonly,	FCRs	are	expressed	in	terms	of	dry	32	







































































































































Poultry	 3.3	 70	 13	 19.6	 4.5	 (Macleod	et	al.,	2013;	Smil,	2013)	
Pork	 6.4	 55	 8.6	 8.5	 1.8	 (Macleod	et	al.,	2013;	Smil,	2013)	
Beef	 25
	
40	 1.9	 3.8	 0.08	 (Opio	et	al.,	2013;	Smil,	2013)	
Other	meat	
*	
15	 55	 4.4	 6.3	 0.09	 (Opio	et	al.,	2013;	Smil,	2013)	
Eggs	 2.3		 -	 19	 25	 1.3	 (Macleod	et	al.,	2013;	Smil,	2013)	
Whole	Milk	 0.7
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The	central	 role	of	 the	types	of	 foods	consumed	 in	determining	the	agricultural	 land	requirements	of	4	
different	diets,	compared	to	the	overall	quantity	of	nutrients	consumed,	can	be	seen	from	the	calculated	5	
energy	intake	and	the	percentage	derived	from	animal	products	(Figure	3).		Variation	in	total	food	energy	6	









































































































































































India	 Profile:	Energy	 +13	 -22	 -61	 -47	
India	 Profile:	Protein	 +27	 -12	 -56	 -40	
India	 Quantity:	Energy	 -16	
India	 Quantity:	Protein	 -25	
India	 Overall	 -5	 -34	 -67	 -55	
USA	 Profile:	Energy	 -11	 +21	 +122	 +97	
USA	 Profile:	Protein	 -17	 +13	 +109	 +85	
USA	 Quantity:	Energy	 +41	
USA	 Quantity:	Protein	 +50	

































































































Cropland and pasture  












































The	 disaggregation	 of	 feed	 by	 animal	 products	 uses	 the	 feed	 requirements	 calculated	 from	 feed	35	





cancel	out	 in	 the	baseline	case.	 	When	alternative	consumption	profiles	are	considered	they	may	not	41	
perfectly	cancel	out,	and	result	in	a	residual	bias	in	the	required	land	areas	calculated.		This	is	likely	to	be	42	











The	 findings	 presented	 here	 are	 based	 on	 the	 average	 food	 reaching	 consumers	 rather	 than	 human	2	





al.,	 2010;	 Kummu	 et	 al.,	 2012).	 	 HALF	 values	 include	 losses	 both	 in	 the	 production	 system	 (e.g.	8	
unharvested	 crops	 and	 losses	 in	 storage,	 transportation,	 and	 processing)	 and	 at	 the	 consumer.		9	
Production	 system	 losses	 are	 derived	 from	 the	 global	 production	 efficiencies,	 and	 therefore	 are	10	
considered	only	as	a	global	average.	 	By	contrast,	food	waste	by	consumers	are	included	at	a	country	11	
specific	 level,	 as	 this	 is	 included	 in	 the	 FAO	 commodity	 balance	 data	 used	 (FAOSTAT,	 2015d).		12	
Consequentially,	the	HALF	index	includes	(but	does	not	separately	identify)	the	variations	in	the	rates	of	13	
per	capita	food	waste	by	consumers.		95-115	kg/year	of	food	has	been	estimated	to	be	wasted	per	capita	14	








50	 g/person/day,	 i.e.	 Guinea,	 Guinea-Bissau,	 Haiti,	 Liberia,	 Madagascar,	 Mozambique,	 Zambia	 and	23	
Zimbabwe.	 	 The	energy	 requirements	 also	 vary	by	 sex,	weight	 and	 the	 level	 of	 physical	 activity.	 	 For	24	
instance,	average	energy	requirements	for	the	population	of	UK	adult	females	and	males,	are	respectively	25	



































Two	contrasting	 scenarios	were	used	 to	examine	how	changes	 in	 food	consumption	preferences	and	7	






a	 greater	 percentage	 consumption	 of	 animal	 products	 (Lambin	 and	 Meyfroidt,	 2011;	 Seto	 and	14	
Ramankutty,	2016;	Tilman	et	al.,	2011).	 	However,	a	substantial	gap	in	consumption	patterns	remains	15	
between	countries,	with	the	US	diet	requiring	2.8	times	the	land	area	of	the	global	average	diet,	and	3.4	16	


















e.g.	 higher	 rates	 of	 vegetarianism),	 or	 a	 catastrophic	 global	 economic	 collapse	 reducing	 per	 capita	35	
incomes,	particularly	 in	wealthier	countries.	 	Changes	 in	food	preferences	may	be	achievable	through	36	



















consumed.	 	 What	 we	 individually	 eat	 (or	 even	 waste),	 rather	 than	 how	much,	 appears	 to	 be	 more	5	
important	for	agricultural	land	requirements.		However,	waste	and	over-eating	are	still	important	issues,	6	
with	the	results	suggesting	that	the	land	required	to	produce	the	food	wasted	by	consumers	(including	7	
over-consumption)	 given	USA	 consumption,	 could	 provide	more	 than	 twice	 the	 food	 required	 under	8	
adoption	of	Indian	consumption	patterns.	9	
	10	
Shifts	toward	diets	of	Western	counties,	exemplified	here	by	the	average	diet	in	the	USA,	for	the	global	11	
population	are	not	sustainable	or	desirable	for	environmental	and	health	reasons	(Tilman	and	Clark,	12	
2014).		Given	the	possibility	that	intensification	alone	may	be	insufficient	to	satisfy	changes	in	dietary	13	
preferences	and	population	growth,	other	methods	of	avoiding	increases	in	agricultural	areas	are	14	
needed	to	target	consumer	behaviours	or	preferences.		Behavioural	and	economic	mechanisms	need	to	15	
be	better	understood	to	establish	how	more	equitable,	healthy	and	environmentally	benign	food	16	
consumption	can	be	achieved.			17	
	18	
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